INTRODUCTION
============

Gastric cancer is one of the most common cancers and the first leading cause of cancer death in eastern Asian countries.[@b1-jcp-22-033] Although numerous efforts were undertaken to reduce the development and progression to cancer death. The rate of gastric cancer death is still high. Many studies have focused on gastric cancer pathogenesis to overcome this poor situation. However, molecular pathogenesis of the gastric cancer remains insufficient. Meanwhile, *Helicobacter pylori* is known to be the major pathologic organism in the development of upper gastrointestinal peptic ulcer disease and is considered the causative agent of chronic gastritis, gastric mucosa-associated lymphoid tissue lymphoma, and gastric cancer.[@b2-jcp-22-033] Continuous *H. pylori* infection could induce gastritis, intestinal metaplasia (IM), and eventually gastric neoplasia, including adenoma, dysplasia, and cancer. *H. pylori* eradication might reduce gastric cancer risk. However, 5.3% of gastric cancer patients were not infected with *H. pylori*. For this *H. pylori*-negative gastric cancer, another mechanism is expected to exist.[@b3-jcp-22-033]--[@b6-jcp-22-033]

MicroRNAs (miRNAs) are about 20 length nucleotides of non-coding RNA. miRNA can regulate gene expression by hybridizing to the 3′-untranslated region of specific messenger RNA targets. miRNA is one of the most important mechanism functioning as a post-transcriptional regulator, such as DNA methylation or acetylation. miRNA can regulate many biological processes, including development of chronic inflammatory diseases or various neoplastic diseases. Moreover, even single miRNA can downregulate or upregulate multiple targets which related to same metabolic and signaling pathway.[@b7-jcp-22-033] More than 1,000 miRNAs have been founded in humans. Recent studies regarding miRNA profiling indicated that many miRNAs were significantly dysregulated in gastric cancer mucosa.[@b8-jcp-22-033] Additionally, another researcher suggested that *H. pylori* eradication might reduce the risk of cancer development by reducing the dysregulation of cancer-related miRNAs.[@b9-jcp-22-033] However, the studies about effect of miRNA on gastric cancer usually have not been performed on the basis of clear discrimination of *H. pylori*-negative or -positive status.

Recently, the present investigators reported dysregulated miRNA status at both *H. pylori*-negative and -positive gastric cancer patients in Korea, based on the result from the formalin-fixed paraffin-embedded gastric cancer tissues.[@b10-jcp-22-033] We concluded that different pathogenic mechanisms might be present between *H. pylori*-negative and -positive gastric cancer patients. In this study, miRNA was selected mainly based on the expression ratio of *H. pylori*-negative gastric cancer over *H. pylori*-positive gastric cancer tissue. Thus, direct comparisons between gastric cancer tissue and non-cancerous gastric mucosa according to *H. pylori*-positive and -negative groups had not been performed. The present study was performed to clarify the potential miRNA responsible for gastric cancer development in clear discrimination of *H. pylori*-negative and -positive status.

MATERIALS AND METHODS
=====================

1. Study subject
----------------

Thirty-two gastric cancer patients matched for age, sex, and *H. pylori* status. Eight *H. pylori*-negative and 8 *H. pylori*-positive patients were enrolled. All of these patients were received curative gastric resection at Seoul National University Bundang Hospital and were included for microarray study. All subjects of this study received gastroscopy for gastric cancer screening and conformation of histological gastric adenocarcinoma diagnosis. For TaqMan miRNA assays, gastric cancer tissue was retrieved from gastric cancer patients who received endoscopic sub-mucosal dissection. We also collected *H. pylori*-negative and -positive control tissues. [Table 1](#t1-jcp-22-033){ref-type="table"} demonstrates baseline characteristics of the study subjects. The subjects who underwent gastroscopy and *H. pylori* gastric cancer screening but did not show any significant gastroduodenal diseases, such as gastric cancer, dysplasia, mucosa-associated lymphoid tissue lymphoma, esophageal cancer, or peptic ulcer disease, were enrolled into the control group. The study protocol was approved by the Ethics Committee of Seoul National University Bundang Hospital (IRB No. B-1301-186-111). All participants provided their written informed consent to participate in this study.

2. *H. pylori* testing
----------------------

Three types of *H. pylori* testing (histology, rapid urease test, and culture) were conducted in both the antrum and the body. Even if only one test result is positive, the patient was regarded *H. pylori*-positive. If all three tests were negative, *H. pylori* serology test was performed using anti-*H. pylori* immunoglobulin G in an ELISA (Green Cross Medical Science, Eumseong, Korea). IM was graded according to the modified sydney system in hematoxylin and eosin stained tissue.[@b11-jcp-22-033] All of the 54 *H. pylori*-negative cases (27 controls and 27 patients with gastric cancer) were sero-negative and IM was absent.

3. RNA isolation and microRNA microarray
----------------------------------------

After manual dissection under microscopic guidance avoiding the contamination of inflammatory cells and stromal cells, Hematoxylin & eosin-stained sections, 50 mm in thickness from cancerous and noncancerous regions of intestinal type of gastric cancer formalin-fixed paraffin-embedded (FFPE) samples, were reviewed by one pathologist. Each section was incubated in xylene and total RNA was extracted using a RecoverAll™ Total Nucleic Acid Isolation Kit (Life Technologies, Carlsbad, CA, USA). Each 400 ng RNA was dephosphorylated with 15 units of calf intestine alkaline phosphatase, followed by RNA denaturation with 40% dimethylsulfoxide. Dephosphorylated RNA was ligated with pCp-Cy3 mononucleotide and resuspended in Gene Expression Blocking Reagent and Hi-RPM Hybridization buffer. The denatured and labeled samples were pipetted onto assembled Agilent Human miRNA microarray Release 16.0 platform and hybridized at 55°C for 20 hours at 20 rpm. The hybridization images were analyzed using a DNA microarray scanner (Agilent Technologies, Palo Alto, CA, USA). The average fluorescence intensity for each spot was calculated and local background was subtracted. Data visualization and analysis were performed with GeneSpring GX 7.3 software (Agilent Technologies). Signal cutoff measurements were *P* \< 0.01.

4. Selection of microRNA candidates and Taqman microRNA validation assay
------------------------------------------------------------------------

The microarray showed several miRNAs which were at least 2-fold change with statistical significance (*P* \< 0.05). We selected manually 10 miRNAs from each *H. pylori*-positive and -negative groups, based on high signal intensity above 100. Remarkable intergroup difference between cancer versus non-cancer. miRNA was extracted from the frozen gastric cancer tissue in gastric cancer patients and gastric body in control cases, which had been obtained during gastroscopy and had been kept at −80°C, with a mirVanaTM miRNA Isolation Kit (Invitrogen, Carlsbad, CA, USA). Reverse transcription was performed using 5 μL of miRNA and TaqMan MicroRNA Reverse Transcription Kit and miRNA-specific stem-loop primers (Applied Biosystems, Foster City, CA, USA). The assays were carried in duplicate. The 20 μL reaction mixture contained reverse transcription reaction product, TaqMan Universal PCR Master Mix without uracil-N-glycosylase, TaqMan miRNA assay mix, and nuclease-free water. Amplification was performed using the StepOnePlus real-time PCR system (Applied Biosystems) at 50°C for 2 minutes and 95°C for 10 minutes, followed by 40 cycles of 95°C for 15 seconds and 60°C for 60 seconds. Relative miRNA expression levels are presented as 2^−Δ\ ΔCt^ method.

5. Statistical analysis
-----------------------

No interarray normalization was applied on the array, because the similarity between matched normal and cancer sample arrays was unknown. To identify distinct miRNAs hybridization signals, one-way analysis of variance (ANOVA) (*P* \< 0.05) were employed for microarray clustering analysis. All statistical analyses were performed using the SPSS ver. 13.0 (SPSS Inc., Chicago, IL, USA).

RESULTS
=======

1. MicroRNA microarray and selection of promising candidate microRNAs
---------------------------------------------------------------------

Schematic flow of the study is demonstrated in [Figure 1](#f1-jcp-22-033){ref-type="fig"}. Microarray result shows that 156 miRNAs were up- or down-regulated by at least a 2-fold change with statistical significance (*P* \< 0.05). Specifically, 143 miRNAs were obtained from the *H. pylori*-negative group and 13 miRNAs were obtained from the *H. pylori*-positive group. Additionally, we selected more promising 10 miRNAs which have high microarray signal intensity (\> 100) and remarkable difference between cancer versus non-cancer ([Fig. 1](#f1-jcp-22-033){ref-type="fig"}). Finally, hsa-miR-146b-5p, hsa-miR-142-3p, hsa-miR-31-5p, has-miR-145-5p, hsa-miR-135-5p, hsa-miR-18a-5p, hsa-miR-196a-5p, hsa-miR-21b-5p, hsa-miR-375, and ebv-miR BART19-3p were selected for confirmation analysis. Fold change graph of these 10 miRNAs were listed at [Figure 2A](#f2-jcp-22-033){ref-type="fig"} (*H. pylori*-negative group) and 2B (*H. pylori*-positive group).

2. Validation study by TaqMan microRNA assay
--------------------------------------------

Selected 10 miRNA candidates were tested for validation assay. At Taqman RT-PCR result, hsa-miR-135b-5p (*P* = 0.002) and hsa-miR-196a-5p (*P* \< 0.001) were significantly increased and hsa-miR-145-5p (*P* = 0.040) was significantly decreased in cancer tissue compared to non-cancerous gastric mucosa at *H. pylori*-negative group ([Fig. 3A](#f3-jcp-22-033){ref-type="fig"}). For *H. pylori*-positive group, hsa-miR-18a-5p (*P* = 0.043), hsa-miR-135b-5p (*P* = 0.001), and hsa-miR-196a-5p (*P* \< 0.001) were increased in cancer tissue ([Fig. 3B](#f3-jcp-22-033){ref-type="fig"}). Among them, hsa-miR-135b-5p and hsa-miR-196a-5p were increased irrespective of *H. pylori* status with statistical significance ([Fig. 4](#f4-jcp-22-033){ref-type="fig"}).

DISCUSSION
==========

Recent many studies have founded that epigenetic factors could intervene additional aspects of the gene--environment interaction in the development of cancer.[@b12-jcp-22-033] There have been many studies which have concluded that miRNAs are involved in the pathogenesis of cancer. Especially for gastric cancer, many favorable outcomes have been published.[@b13-jcp-22-033] Meanwhile, *H. pylori* infection is most critical environmental factor for gastric carcinogenesis unlike other type of cancer. But, numerous gastric cancers were not developed from the *H. pylori* infectious status, regardless of current or past infection.[@b2-jcp-22-033] Such unique type of gastric cancer usually is called *H. pylori*-negative gastric cancer and their proportion is estimated about 5% to 10% of total gastric cancer.[@b5-jcp-22-033],[@b6-jcp-22-033],[@b10-jcp-22-033]

Up to recently, the presumptive roles of miRNAs have been studied in gastric cancer. miRNAs in gastric cancer patients is usually dysregulated.[@b7-jcp-22-033] Some kind of down-regulated miRNA was regarded to have tumor suppressive activity. And another kind of up-regulated miRNA was regarded to have carcinogenic property. miRNA was also founded in patient's serum. Some researchers proposed that some kind of miRNA could be used as tumor marker to improve the diagnostic certainty and evaluation of prognosis. However, such results have been usually derived from the comparisons between gastric cancer versus non-cancer mucosal tissue without clear discrimination of *H. pylori*-negative or -positive status. Moreover, comparisons between cancer versus non-cancerous mucosa in same patients compared with non-cancer control had not been tested before. The present investigators assumed that comparisons between cancer versus non-cancerous mucosa in same patients could more easily draw cancer-related miRNAs according to *H. pylori* status. Moreover, it could separate miRNAs responsible for *H. pylori*-induced carcinogenesis from *H. pylori*-independent carcinogenic mechanism.

In the present study, we identified that 4 miRNAs (hsa-miR-145-5p, hsa-miR-135b-5p, hsa-miR-18a-5p, and hsa-miR- 196a-5p) were significantly changed. hsa-miR-145-5p was down-regulated in *H. pylori*-negative cancer and hsa-miR-18a-5p was up-regulated in *H. pylori*-positive cancer. hsa-miR-196a-5p and hsa-miR-135b-5p were increased regardless of *H. pylori* status ([Fig. 4](#f4-jcp-22-033){ref-type="fig"}). hsa-miR-196a-5p is well known to regulate various critical cellular process, such as proliferation, apoptosis, and differentiation. Moreover, hsa-miR-196a-5p has been found to be overexpressed in several cancers, including gastric cancer.[@b14-jcp-22-033] miRNA-196a promotes cell proliferation by downregulating p27(ki p1).[@b8-jcp-22-033] And it also promotes cellular proliferation by targeting various transcription factors, such as HOXB8, HMGA2, and annexin A1.[@b15-jcp-22-033] From these results, we concluded that miRNA-196a might be have pivotal role in gastric cancer as in other types of cancers. The result of our study could support previous outcomes.

Interestingly, hsa-miR-145-5p was decreased significantly in *H. pylori*-negative cancer. It is suggested that depressed hsa-miR-145-5p activity was related with increase of epithelial-mesenchymal transition (EMT).[@b16-jcp-22-033] EMT is a process that epithelial cells become mesenchymal stem cells. Although it had been recognized as physiologic cellular plasticity,[@b17-jcp-22-033] however, recent reports have suggested that EMT might have important role in carcinogenesis and progression. Cytotoxin-associated gene A (CagA) is an onco-protein and a major virulence factor of *H. pylori*. Recent article regarding EMT on gastric cancer suggests that CagA of *H. pylori* plays a decisive role that triggers a EMT through several transcription factors activation.[@b18-jcp-22-033] Up to recently, it was speculated that miRNA- related EMT might be regulated by hsa-miR-335, hsa-miR-21, hsa-miR-31, hsa-miR-205, and hsa-miR-10b.[@b19-jcp-22-033] However, we assumed that hsa-miR-145-5p might have additional role in the development of *H. pylori*-negative gastric cancer through EMT. Further studies are needed to clarify the association between hsa-miR-145-5p and EMT. In case of miRNA-18a, its role in gastric cancer was not well investigated. But recent study suggests that hsa-miR-18a can modulate P53 expression in gastric cancer.[@b20-jcp-22-033] hsa-miR-18a was increased only in *H. pylori*-positive tissues in the present study. So, it is inferred that hsa-miR-18a might regulate some genetic processes related with *H. pylori*-positive gastric carcinogenesis. Additional studies are needed to clarify the exact role of hsa-miR-18a.

There are many concerns about our FFPE samples used in present study. At result of microarray test, above one hundred miRNAs have statistical significance,[@b10-jcp-22-033] which indicates the usefulness of FFPE sample for screening miRNA enough.[@b21-jcp-22-033] We selected final 10 candidates for Taqman RT-PCR by the signal intensity and difference between cancer versus non-cancer. Compared with previous study, systematic approach using miRNA database was not performed at the present study. So, we could not get enough statistically meaningful miRNA result. Moreover, mean age of the patients in *H. pylori*-negative non cancer control was younger than that of cancer group at Taqman PCR. Further studies in more subjects are needed to overcome the bias.

In conclusion, 4 miRNAs (hsa-miR-145-5p, hsa-miR-135b-5p, hsa-miR-18a-5p, and hsa-miR-196a-5p) were significantly changed. miRNA expression of the gastric cancer in the present study implied that different but partially common gastric carcinogenic mechanisms according to *H. pylori* status might be present. Moreover, the present study confirmed that miRNAs could be molecular basis for the study of gastric carcinogenesis, especially on clear discrimination of *H. pylori* status. Functional study is needed to clarify how these miRNAs (especially hsa-miR-18a-5p and hsa-miR-145) could lead to gastric carcinogenesis and what target genes might be regulated.
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###### 

Characteristics of the subjects used in the analyses

  Characteristic              miRNA microarray   TaqMan miRNA RT-PCR                                           
  --------------------------- ------------------ --------------------- ------------- ------------ ------------ ------------
  Age (yr)                    69.3 ± 1.7         67.8 ± 3.4            54.2 ± 12.4   61.1 ± 8.0   64.7 ± 9.6   66.2 ± 8.5
  Sex (male/female)           6/2                5/3                   16/11         15/11        21/6         17/10
  Intestinal type histology   8                  8                                                27           27

Values are presented as mean ± SD or number only. miRNA, microRNA; Hp+, *Helicobacter pylori*-negative; Hp+, *Helicobacter pylori*-positive; GC, gastric cancer group; cont, non-cancer control group.
